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GROUND ELECTRODE STRUCTURE OF A
SPARK PLUG FOR A GAS ENGINE

BACKGROUND OF THE INVENTION

This application 1s based upon and claims the benefit of
priority of the prior Japanese Patent Application 2003-
331539 filed on Sep. 24, 2003.

The present invention relates to a spark plug for a gas
engine which 1s equipped with a ground electrode body and
a center electrode body.

The Japanese Patent Application Laid-open No. 2002-
93547 (corresponding to the U.S. patent application Publi-
cation 2002/0003389 Al) discloses a conventional spark
plug for a gas engine that includes a ground electrode body
and a center electrode body. A ground electrode of the
ground electrode body 1s made of a material containing
iridium as a main component. The ground electrode 1s
welded on a surface of a ground electrode base material
opposing to the center electrode body. The ground electrode
protrudes toward the center electrode body. The ground
clectrode base material 1s made of a heat-resistant nickel
alloy. The ground electrode 1s impacted 1n a recess of the
ground electrode base material.

According to this conventional spark plug for a gas
engine, there 1s no evaluation with respect to the relationship
between the thickness of the ground electrode base material
in an intrusion direction of the ground electrode (heremafter,
simply referred to as the thickness of the ground electrode
base material) and the intrusion length of the ground elec-
trode that represents the length of a portion of the ground
clectrode 1intruded 1nto the ground electrode base material 1n
the intrusion direction (hereinatfter, simply referred to as the
intrusion length of the ground electrode).

Furthermore, the Japanese Patent Application Laid-open
No. 2002-313523 discloses another conventional spark plug,
for a gas engine that includes a ground electrode of the
ground electrode body and a center electrode of the center
clectrode body which are made of a material containing
iridium or platinum as a main component. This conventional
spark plug satisfies a condition D1/D2>0.9 when the diam-
eter of the ground electrode 1s D1 and the diameter of the
center electrode 1s D2.

In general, the spark plug for a gas engine 1s subjected to
high-temperature environments. The above-described con-
ventional spark plugs are dissatisfactory in the durability
when they are subjected to the high-temperature environ-
ments as described below.

For example, the spark plug for a gas engine 1s disposed
in a sub combustion chamber of an indirect lean burn gas
engine. In this case, the gas mixture having a high concen-
tration 1s 1troduced into the sub combustion chamber and
accordingly the temperature of the sub combustion chamber
becomes very high. Therefore, when the spark plug 1s used
in the indirect lean burn gas engine, the spark plug 1s forcibly
subjected to very severe high-temperature environments
(e.g., 800° C. or above).

When no evaluation 1s given with respect to the relation-
ship between the thickness of the ground electrode base
material and the intrusion length of the ground electrode,
there 1s a possibility that the durability of the ground
clectrode body 1s dissatisfactory.

It 1s now assumed that the intrusion length of the ground
clectrode 1s excessively short relative to the thickness of the
ground electrode base maternial. In other words, when the
depth of the ground electrode intruded into the ground
clectrode base material 1s very shallow, the strength for
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holding the ground electrode with the ground electrode base
maternal 1s insuflicient. The ground electrode tends to fall off
the ground electrode base material. The durability of the
ground electrode body 1s not good.

Furthermore, to increase the strength for holding the
ground electrode with the ground electrode base material, 1t
may be possible to increase the ratio of the intrusion length
of the ground eclectrode to the thickness of the ground
clectrode base material. In other words, the depth of the
ground electrode intruded into the ground electrode base
material may be increased.

However, there 1s a significant difference in the thermal
expansion coellicient between the ground electrode and the
ground electrode base material. The ground electrode 1is
made of a material containing iridium or platinum as a main
component, while the ground electrode base matenal 1is
made of a heat-resistant nickel alloy. The heat-resistant
nickel alloy has a larger thermal expansion coeflicient. As
described above, when installed 1n a gas engine, the ground
clectrode body 1s forcibly subjected to the high-temperature
environment. A significant amount of thermal expansion will
occur between the ground electrode and the ground elec-
trode base material which are welded together.

If the depth of the ground electrode intruded into the
ground electrode base material 1s excessively deep, the
ground electrode base material will cause an undesirable
warpage or swell at a back surface which 1s opposite to the
inner surface on which the ground electrode 1s 1ntruded. An
undesirable stress will act on the bonded portion of the
ground electrode and the ground electrode base material
which are welded together.

Accordingly, when the depth of the ground electrode
intruded into the ground electrode base material 15 exces-
sively deep, the ground electrode tends to fall off the ground
clectrode base material. The durability of the ground elec-
trode body 1s dissatisfactory.

On the other hand, when the ratio D1/D2 of the diameter
D1 of the ground electrode to the diameter D2 of the center
clectrode 1s set to be larger than 0.9, the ratio D1/D2 may
have a small value and accordingly the ground electrode
may have a very small diameter D1. In this case, the spark
discharge tends to occur between the center electrode and
the ground electrode base matenal. It 1s needless to say that
the spark discharge should occur between the center elec-
trode and the ground electrode. The ground electrode base
material 1s not the member for causing the spark discharge.
The ground electrode base material 1s the member support-
ing the ground electrode.

If the spark discharge occurs between the center electrode
and the ground electrode base material, the ground electrode
base material will be forcibly subjected to the high-tempera-
ture environment and will wear rapidly due to high-tem-
perature oxidation. The required discharge voltage will
increase when the spark plug i1s used for a long time. Such
a spark plug for a gas engine will have insuflicient durability.

[

SUMMARY OF THE INVENTION

In view of the above-described problems, the present
invention has an object to provide a spark plug for a gas
engine which 1s excellent 1n the heat durabality.

In order to accomplish the above and other related objects,
the present invention provides a first spark plug for a gas
engine including a ground electrode body and a center
clectrode body, wherein a ground electrode of the ground
clectrode body 1s welded on a surface of a ground electrode
base material opposing to the center electrode body. The




US 7,154,213 B2

3

ground electrode of the ground electrode body protrudes
toward the center electrode body. The ground electrode 1s
made of a material containing iridium or platinum as a main
component. The ground electrode base material 1s made of
a heat-resistant mickel alloy. The ground electrode 1is
impacted 1n a recess of the ground electrode base material.
And, the first spark plug of this invention satisfies the
condition 0.3=h/H=0.5 when H represents a thickness of
the ground electrode base material 1n an intrusion direction
of the ground electrode, and h represents an intrusion length
of the ground electrode that defines a length of the ground
clectrode impacted 1n the ground electrode base material 1n
the 1ntrusion direction.

Furthermore, to accomplish the above and other related
objects, the present invention provides a second spark plug
for a gas engine including a ground electrode body and a
center electrode body, wherein a ground electrode of the
ground electrode body and a center electrode of the center
clectrode body are made of a material contaiming iridium or
platinum as a main component. And, the second spark plug
of this invention satisfies the condition D1/D2=1.1 when
D1 represents a diameter of the ground electrode and D2
represents a diameter of the center electrode.

Furthermore, to accomplish the above and other related
objects, the present provides a thurd spark plug for a gas
engine including a ground electrode body and a center
clectrode body, wherein a ground electrode of the ground
clectrode body and a center electrode of the center electrode
body are made of a material containing iridium or platinum
as a main component. The ground electrode protrudes
toward the center electrode body. The ground electrode base
material 1s made of a heat-resistant nickel alloy. The ground
clectrode 1s impacted in a recess of the ground electrode base
maternal. And, the third spark plug of this invention satisfies
the conditions D1/D2=1.1 and 0.3=h/HZ=0.5 when D1
represents a diameter of the ground electrode, D2 represents
a diameter of the center electrode, H represents a thickness
of the ground electrode base material in an intrusion direc-
tion of the ground electrode, and h represents an intrusion
length of the ground electrode that defines a length of the
ground electrode impacted in the ground electrode base
material 1n the ntrusion direction.

According to the first or third spark plug of this invention,
it 1s preferable that a condition h>0.5 mm 1s further satisfied.
The ground electrode 1s bonded to the ground electrode base
material by laser welding.

According to the second or third spark plug of this
invention, i1t 1s preferable that the center electrode has a
surface opposing to the ground electrode, and a groove 1s
tormed on the surface of the center electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will become more apparent from the
following detailed description which 1s to be read in con-
junction with the accompanying drawings, in which:

FIG. 1 1s a schematic view showing an indirect lean burn
gas engine;

FI1G. 2 1s a half cross-sectional view showing a spark plug

for a gas engine 1n accordance with a first embodiment of the
present mvention;

FIG. 3 1s an enlarged side view showing a center electrode
body and a ground electrode body of the spark plug for a gas
engine in accordance with the first embodiment of the
present mvention;
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FIG. 4A 1s a view showing the center electrode body of
the spark plug for a gas engine 1n accordance with the first
embodiment of the present invention;

FIG. 4B 1s a view showing the ground electrode body of
the spark plug for a gas engine 1n accordance with the first
embodiment of the present invention;

FIG. 5 15 a graph showing a relationship between the ratio
h/H and the usable time;

FIG. 6 s a graph showing a relationship between the ratio
D1/D2 and the usable time;

FIG. 7 1s an enlarged side view showing a center electrode
body and a ground electrode body of the spark plug for a gas
engine 1n accordance with a second embodiment of the
present 1nvention;

FIG. 8 15 a perspective view showing the center electrode
of the spark plug for a gas engine in accordance with the
second embodiment of the present invention;

FIG. 9 1s an enlarged side view showing a center electrode
body and a ground electrode body of the spark plug for a gas
engine 1n accordance with a third embodiment of the present
invention; and

FIG. 10 1s an enlarged side view showing a center
clectrode body and a ground electrode body of the spark
plug for a gas engine 1n accordance with a fourth embodi-
ment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

To 1mprove the durability of the spark plug for a gas
engine, the inventors of this application have experimentally
manufactured a ground electrode of a ground electrode body
made of a material containing iridium or platinum as a main
component. The mventors have experimentally welded the
ground electrode on a surface of a ground electrode base
material opposing to a center electrode body, so that the
ground electrode protrudes toward the center electrode body.
The ground eclectrode base material 1s made of a heat-
resistant nickel alloy. The ground electrode 1s impacted in a
recess of the ground electrode base material.

Through various experiments and tests for optimizing the
dimensions of the spark plug, the inventors have come to the
conclusion that 1t 1s desirable to satisty the condition 0.3 =h/
H=0.5, when H represents the thickness of the ground
clectrode base material 1n an intrusion direction of the
ground electrode, and h represents an intrusion length of the
ground electrode that defines a length of the ground elec-
trode 1mpacted 1n the ground electrode base material in the
intrusion direction.

The mventors have confirmed that the above setting for
the ratio h/H 1s effective 1n improving the durability of the
ground electrode body. And, the imventors have confirmed
that the durability of the spark plug for a gas engine can be
improved.

When the ratio h/H of the intrusion length h of the ground
clectrode to the thickness H of the ground electrode base
material 1s smaller than 0.3, the depth of the ground elec-
trode intruded in the ground electrode base material 1s
excessively shallow. The strength for holding the ground
clectrode with the ground electrode base matenal 1s 1nsui-
ficient. The ground electrode tends to fall off the ground
clectrode base material.

When the ratio h/H 1s greater than 0.5, the depth of the
ground electrode intruded in the ground electrode base
material 1s excessively deep. The ground electrode body 1s
subjected to high-temperature environments. A thermal
expansion diflerence will increase between the ground elec-
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trode and the ground electrode base material which are
welded together. The ground electrode base material may
warp and accordingly the ground electrode tends to fall off
the ground electrode base material.

Considering the above experimental or test results, the
inventors ol this application have finally optimized the
dimensions of the spark plug for a gas engine. In this
optimization, the strength for holding the ground electrode
with the ground electrode base material should be sufli-
ciently large. The ground electrode base material should be
prevented from warping when 1t i1s subjected to high-
temperature environments.

To this end, the inventors have determined the condition
0.3=h/HZ=0.5 1n the ratio h/H of the intrusion length h of the
ground electrode to the thickness H of the ground electrode
base material, 1n order to prevent the ground electrode from
falling off the ground electrode base material.

The inventors have confirmed that satistying the condition
0.3=h/H=0.5 1n the ratio h/H of the intrusion length h of the
ground electrode to the thickness H of the ground electrode
base matenal 1s eflective 1n improving the durability of the
spark plug for a gas engine.

In view of the foregoing, the inventors of this application
provide a first spark plug for a gas engine including a ground
clectrode body and a center electrode body. According to the
first spark plug of this invention, a ground electrode of the
ground electrode body 1s welded on a surface of a ground
clectrode base material opposing to the center electrode
body. The ground electrode of the ground electrode body
protrudes toward the center electrode body. The ground
clectrode 1s made of a material containing iridium or plati-
num as a main component. The ground electrode base
material 1s made of a heat-resistant nickel alloy. The ground
clectrode 1s impacted 1n a recess of the ground electrode base
material. And, the first spark plug satisfies the condition
0.3=h/H=0.5 when H represents the thickness of the
ground electrode base material 1n an intrusion direction of
the ground electrode, and h represents an 1ntrusion length of
the ground electrode that defines a length of the ground
clectrode impacted 1n the ground electrode base material 1n
the 1ntrusion direction.

Furthermore, to improve the durability of the spark plug
for a gas engine, the nventors of this application have
experimentally manufactured a ground electrode of a ground
clectrode body and a center electrode of a center electrode
body with a maternial containing iridium or platinum as a
main component. Through various experiments and tests for
optimizing the dimensions of the spark plug, the inventors
have come to the conclusion that 1t 1s desirable to satisty the
condition D1/D2=1.1 when D1 represents the diameter of
the ground electrode and D2 represents the diameter of the
center electrode.

The mmventors have confirmed that the above setting for
the ratio D1/D2 1s eflective 1n preventing the ground elec-
trode base material from wearing even when the spark plug
1s used for a long time and also in preventing the required
discharge voltage from increasing even when the spark plug
1s used for a long time. Furthermore, the inventors have
confirmed that the durability of the spark plug for a gas
engine can be surely improved.

When the ratio D1/D2 of the diameter D1 of the ground
clectrode to the diameter D2 of the center electrode 1s equal
to or greater than 1.1, the ground electrode has a large
diameter. This 1s eflective in preventing the spark discharge
from occurring between the center electrode and the ground
clectrode base material. Thus, the spark discharge surely
occurs between the center electrode and the ground elec-
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trode. The second spark plug of this imnvention can prevent
the ground electrode base maternal from wearing even when
the spark plug 1s used for a long time and also can prevent
the required discharge voltage from increasing even when
the spark plug 1s used for a long time. Accordingly, 1t
becomes possible to provide a spark plug for a gas engine
having excellent when the ratio D1/D2 of the diameter D1
of the ground electrode to the diameter D2 of the center
clectrode satisfies a condition D1/D2=1.1.

In view of the foregoing, the inventors of this application
provide a second spark plug for a gas engine including a
ground electrode body and a center electrode body. Accord-
ing to the second spark plug of this mnvention, a ground
clectrode of the ground electrode body and a center elec-
trode of the center electrode body are made of a material
containing iridium or platinum as a main component. And,
the second spark plug satisfies the condition D1/D2=1.1
when D1 represents a diameter of the ground electrode and
D2 represents a diameter of the center electrode.

Moreover, to improve the durability of the spark plug for
a gas engine, the mventors of this application have experi-
mentally manufactured a ground electrode of a ground
clectrode body and a center electrode of a center electrode
body with a material containing iridium or platinum as a
main component. The inventors have experimentally welded
the ground electrode on a surface of a ground electrode base
material opposing to a center electrode body, so that the
ground electrode protrudes toward the center electrode body.
The ground electrode base material 1s made of a heat-
resistant nickel alloy. The ground electrode 1s impacted in a
recess of the ground electrode base material.

Through various experiments and tests for optimizing the
dimensions of the spark plug, the inventors have come to the
conclusion that 1t 1s desirable to satisiy both of the condi-
tions D1/D2=1.1 and 0.3=hW/H=0.5. The inventors have
confirmed that the above setting for the ratio D1/D2 1is
cellective 1n preventing the ground electrode base material
from wearing even when the spark plug i1s used for a long
time and also 1n preventing the required discharge voltage
from 1ncreasing even when the spark plug 1s used for a long
time. Furthermore, the inventors have confirmed that the
above setting for the ratio h/H 1s eflective 1n improving the
durability of the ground electrode body. Thus, the inventors
have confirmed that the durability of the spark plug for a gas
engine can be improved due to synergistic effects of the
above settings.

Namely, the mventors have determined the condition
D1/D2=1.1 m the ratio D1/D2 of the diameter D1 of the
ground electrode to the diameter D2 of the center electrode
so as to prevent the spark discharge from occurring between
the center electrode and the ground electrode base material
and also prevent the ground electrode base material from
wearing even when the spark plug 1s used for a long time.

Furthermore, the inventors have determined the condition
0.3=h/HZ=0.5 1n the ratio h/H of the intrusion length h of the
ground electrode to the thickness H of the ground electrode
base material so as to assure a suflicient strength for holding
the ground electrode with the ground electrode base material
and also prevent the ground electrode base material from
warping when 1t 1s subjected to high-temperature environ-
ment, and further to prevent ground electrode from falling
ofl the ground electrode base material.

The inventors have confirmed that satisfying the condition
D1/D2=1.1 1n the ratio D1/D2 of the diameter D1 of the
ground electrode to the diameter D2 of the center electrode
as well as satistying the condition 0.3 =h/HZ=0.5 in the ratio
h/H of the mtrusion length h of the ground electrode to the
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thickness H of the ground electrode base material 1s effective
in 1mproving the durability of the spark plug for a gas
engine.

In view of the foregoing, the inventors of this application
provide a thuird spark plug for a gas engine including a
ground electrode body and a center electrode body. Accord-
ing to the third spark plug, a ground electrode of the ground
clectrode body and a center electrode of the center electrode
body are made of a material containing 1ridium or platinum
as a main component. The ground electrode protrudes
toward the center electrode body. The ground electrode base
material 1s made of a heat-resistant nickel alloy. The ground
clectrode 1s impacted in a recess of the ground electrode base
material. And, the third spark plug satisfies the conditions
D1/D2=1.1 and 0.3=h/HZ=0.5 when D1 represents a diam-
cter of the ground electrode, D2 represents a diameter of the
center electrode, H represents the thickness of the ground
clectrode base material 1n an intrusion direction of the
ground electrode, and h represents an intrusion length of the
ground e¢lectrode that defines a length of the ground elec-
trode 1mpacted 1n the ground electrode base matenal in the
intrusion direction.

In the first and third spark plug of this invention, 1t 1s
preferable that a condition h>0.5 mm 1s further satisfied.

More specifically, when the intrusion length h of the
ground electrode 1s greater than 0.5 mm, the ground elec-
trode can be firmly welded with the ground electrode base
material under the condition that the ground electrode 1s
suiliciently intruded 1n the ground electrode base matenal.

Namely, in welding the ground electrode with the ground
clectrode base material under the condition that the ground
clectrode 1s mtruded 1n the ground electrode base material,
the bonding strength between the ground electrode and the
ground electrode base material becomes large when the
length of a fusing region between them 1s long 1n the
intrusion direction.

According to various experimental or test results, when
the intrusion length h of the ground electrode 1s greater than
0.5 mm, 1t 1s possible to assure a suflicient length of the
fusing portion i1n the intrusion direction for assuring a
satisfactory strength between the ground electrode and the
ground electrode base material. When the intrusion length h
of the ground electrode 1s less than 0.5 mm, 1t 1s difhicult to
obtain a suflicient length of the fusing portion 1n the intru-
sion direction for assuring a satisfactory bonding strength.

In the first and third spark plug of this invention, 1t 1s
preferable that the ground electrode 1s bonded to the ground
clectrode base material by laser welding.

When and the ground electrode and the ground electrode
base material are bonded by laser welding, the ground
clectrode and the ground electrode base material can be
firmly bonded. The laser welding enables the members to be
bonded together to fuse at their limited regions at higher
temperatures to provide a rigid and reliable connection
between them. The ground electrode and the ground elec-
trode base material are basically small members. Using the
laser welding 1s effective i accurately and firmly bonding
these members at a designated portion. The bonding strength
between the ground electrode and the ground electrode base
material can be enhanced. Accordingly, the durability of the
spark plug for a gas engine can be improved.

In the second and third spark plug of this invention, 1t 1s
preferable that the center electrode has a surface opposing to
the ground electrode, and a groove 1s formed on the surface
of the center electrode.

The center electrode has an angled or edged portion along
the periphery of its circular surface opposing to the ground
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clectrode. Additionally, the groove 1s provided on the sur-
face of the center electrode. Thus, the spark discharge occurs
at the groove on the opposed surface as well as at the angled
or edged portion 1n the periphery of the cylindrical center
clectrode. In other words, 1t becomes possible to increase the
number of portions where the spark discharge occurs. There-
fore, 1t becomes possible to reduce the required discharge
voltage.

More specifically, the spark discharge occurs between the
center electrode and the ground electrode. The spark dis-
charge starts growing from any angled or edged portion
existing on a surface of the center electrode opposing to the
ground electrode.

Forming a groove on the surface of the center electrode
opposing to the ground electrode 1s eflective 1n causing the
spark discharge to grow from any angled or edged portion of
this groove. Meanwhile, the spark discharge occurs from the
angled or edged portion formed in the periphery of the
cylindrical center electrode. Accordingly, the spark dis-
charge occurs at numerous portions. The required discharge
voltage can be reduced. When the required discharge voltage
1s low, 1t 1s possible to prevent the required discharge voltage
from reaching its upper limit. Thus, the durability of the
spark plug for a gas engine can be improved.

Hereinaftter, practical embodiments of the present mnven-
tion will be explained with reference to attached drawings.

First Embodiment

A first embodiment of the present invention will be
explained with reference to attached drawings.

FIG. 1 shows an indirect lean burn gas engine equipped
with a spark plug P for a gas engine in accordance with the
present 1vention.

The gas engine, as shown in FIG. 1, includes a cylinder
11 and a piston 12 reciprocating in this cylinder 11. The
cylinder 11 and the piston 12 cooperatively form a main
combustion chamber 13 at the top side of the piston 12. A
sub combustion chamber 14, having a volume smaller than
that of the main combustion chamber 13, 1s provided 1n a
cylinder head so as to communicate with the main combus-
tion chamber 13. The gas engine has an intake port 135
connected to the main combustion chamber 13 and an intake
valve 16 provided 1n the intake port 15. The gas engine has
an exhaust port 17 connected to the main combustion
chamber 13 and an exhaust valve 18 provided in the exhaust
port 17. A sub combustion gas port 19 communicates with
the sub combustion chamber 14. A sub combustion gas valve
20 1s provided 1n the sub combustion gas port 19. The spark
plug P, provided adjacent to the sub combustion chamber 14,
ignites the gas mixture introduced in the sub combustion

chamber 14.

In the intake stroke, the fuel gas 1s supplied from the sub
combustion gas port 19 1nto the sub combustion chamber 14.
Meanwhile, the premixed gas mixture having an excess air
ratio A greater than 1.7 1s supplied from the intake port 135
into the main combustion chamber 13, thereby realizing the
combustion of a lean gas mixture.

Furthermore, the gas engine of this embodiment 1s a
Miller cycle engine. More specifically, in the intake stroke,
the piston 12 moves downward until 1t reaches the bottom
dead center. Then, after passing the bottom dead center, the
piston 12 moves upward by a predetermined amount (e.g.
approximately % stroke) before the intake valve 16 and the
sub combustion gas valve 20 are closed. Subsequently, the
piston 12 goes 1nto the compression stroke and continuously
moves upward. When the piston 12 almost reaches the top
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dead center, the spark plug P 1s activated to 1gnite the gas
mixture stored in the sub combustion chamber 14. The flame
grows throughout the sub combustion chamber 14 and enters
into the main combustion chamber 13. This induces the
combustion of the premixed gas mixture in the main com-
bustion chamber 13. Then, the piston 12 1s depressed down-
ward and goes into the expansion stroke. In this expansion
stroke, the piston 12 moves downward until 1t reaches the
bottom dead center. Furthermore, the piston 12 goes into the
exhaust stroke. According to the Miller cycle engine, the
expansion ratio 1s set to be larger than the compression ratio
to effectively suppress the knocking. The compression ratio
1s set somewhere 1n the range from 8 to 13.

As shown 1n FIG. 2, the spark plug P has a center
clectrode 1 of the center electrode body Ec and a ground
clectrode 2 of the ground electrode body Eg which are
opposed to each other via a discharge gap G. A housing 3
supports the ground electrode body Eg. The center electrode
body Ec 1s 1nserted into a through-hole 4a of an msulator 4
held 1n the housing 3.

The housing 3, which 1s made of steel or a comparable
metallic member, has a cylindrical shape. The housing 3 has
a threaded portion 3a on 1ts outer surface through which the
spark plug P 1s securely fixed to the gas engine. The insulator
4, which 1s made of an alumina or a comparable insulating
maternial, 1s inserted at one end into this housing 3. The
through-hole 4a formed 1n the insulator 4 extends entirely in
the axial direction of the housing 3.

As shown 1n FIGS. 3, 4A, and 4B, the center electrode
body Ec includes the cylindrical center electrode 1 and a
cylindrical center electrode base material 5 which are coaxi-
ally arranged and welded together. The cylindrical center
clectrode 1 1s welded on the top surface of the cylindrical
center electrode base material 5. FIG. 4A shows the center
clectrode body Ec seen from the ground electrode body Eg.
FIG. 4B shows the ground electrode body Eg seen from the
center electrode body Ec.

As shown 1n FIG. 2, the center electrode base material 5
1s 1nserted from one end of the through-hole 4a of the
insulator 4 and 1s held 1n the through-hole 4a of the 1insulator
4 so that the center electrode 1 protrudes out of the insulator
4. The center electrode body Ec 1s supported 1n the 1insulator
4 so that the center electrode body Ec 1s electrically insulated
from the housing 3. Furthermore, a terminal portion 6 is
inserted from the other end of the through-hole 4a of the
insulator 4 and 1s held 1n the through-hole 4a of the insulator
4 so that the terminal portion 6 1s electrically connected to
the center electrode base material 3.

As shown 1n FIGS. 3, 4A, and 4B, the ground electrode
body Eg includes the cylindrical ground electrode 2 pro-
truding toward the center electrode body Ec. The ground
clectrode 2 1s welded on a surface 7a of the ground electrode
base material 7 opposing to the center electrode body Ec.
The ground electrode 2 1s intruded 1n the ground electrode
base material 7.

The ground electrode base material 7 has an L-shaped
configuration. The surface 7a, opposing to the center elec-
trode body Ec, 1s positioned at the inner side of the ground
clectrode base material 7 and located at the distal end side
of the ground electrode base material 7. The other end (1.e.
the proximal end) of the ground electrode base material 7 1s
welded to the housing 3. Thus, the ground electrode body Eg
1s firmly fixed to the housing 3.

In other words, the ground electrode base material 7 has
the mner surface 7a at 1ts distal end side. This surface 7a
opposes to the center electrode body Ec. The ground elec-
trode 2 1s bonded on this surface 7a of the ground electrode
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2 by laser welding. The ground electrode 2 has a top surface
protruding toward the center electrode body Ec and a bottom
surface 1mtruded 1n the ground electrode base matenal 7.

In laser welding the ground electrode 2 with the ground
clectrode base material 7, the ground electrode 2 is first
placed 1n a recess of the ground electrode base material 7.
Then, the laser beam 1s irradiated from plural points on the
side surface of the ground electrode base material 7 into the
ground electrode base material 7. A fused portion 8, formed
as a result of the laser welding operation, extends laterally
from the ground electrode 2 to the ground electrode base
material 7. Thus, the ground electrode 2 and the ground
clectrode base material 7 are firmly bonded together.

The discharge gap G between the center electrode 1 and
the ground electrode 2 can be set to an appropriate value, for
example, 1n the range from 0.2 mm to 0.4 mm.

Both the center electrode 1 and the ground electrode 2 are
made of a material containing Ir (inndium) as a main com-
ponent. According to this embodiment, the center electrode
1 and the ground electrode 2 are made of an alloy containing
Ir by approximately 90% and Rh (rhodium) by approxi-
mately 10%.

Although not shown 1n the drawings, each of the center
clectrode base material 5 and the ground electrode base
material 7 consists of an external material and an internal
matenal extending in the longitudinal direction. The exter-
nal material 1s made of a heat-resistant nickel alloy such as
inconel to improve the heat radiation property. The tempera-
ture of the center electrode 1 or the ground electrode 2 can
be lowered. The internal material 1s made of a metal material
having excellent thermal conductivity, such as copper.

As shown 1 FIG. 3, according to the first embodiment,
the ground electrode body Eg and the center electrode body
Ec satisly the following conditions.

In FIG. 3, D1 represents the diameter of the ground
clectrode 2. D2 represents the diameter of the center elec-
trode 1. H represents the thickness of the ground electrode
base material 7 in the intrusion direction of the ground
clectrode 2. The intrusion direction of the ground electrode
2 1s parallel to the axis of the spark plug P (1.e. the axis of
the center electrode I or the ground electrode 2). Further-
more, h represents the intrusion length of the ground elec-
trode 2 that represents the length of a portion of the ground
clectrode 2 intruded 1n the ground electrode base material 7
in the intrusion direction of the ground electrode 2.

According to this embodiment, the following conditions
are satisfied.

D1/D2=1.

0.3=/H=0.5

When the diameter D2 of the center electrode 1 1s large,
it 1s possible to prevent the center electrode 1 from wearing
when the spark plug 1s used for a long time. Accordingly, the
required discharge voltage can be suppressed to a relatively
low wvalue. The durability of the spark plug P can be
improved.

However, 1f the diameter D2 of the center electrode 1 1s
excessively large, the center electrode body Ec will be so
large 1n size that the flame for the spark discharge may be
cooled undesirably. The 1gnitability will be bad. It 1s desir-
able that the diameter D2 of the center electrode 1 1s equal
to or less than 2.0 mm.

The ratio D1/D2 of the diameter D1 of the ground
electrode 2 to the diameter D2 of the center electrode 1 1s set

to be equal to or greater than 1.1.
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When the diameter of the ground electrode 2 1s large, 1t 1s
possible to prevent the spark discharge from occurring
between the center electrode 1 and the ground electrode base
maternial 7. The spark discharge should occur between the
center electrode 1 and the ground electrode 2. It becomes
possible to prevent the ground electrode base material 7
from wearing when the spark plug 1s used for a long time.
The required discharge voltage can be suppressed at a
relatively low level.

However, as described later, the durability of the spark
plug P remains substantially constant even when the ratio
D1/D2 of the diameter D1 of the ground electrode 2 to the
diameter D2 of the center electrode 1 1s increased to 1.2 or
above. Accordingly, 1n order to avoid the undesirable expan-
s10n 1n size of the ground electrode body Eg, 1t 1s desirable
to set the condition D1/D2=1.2. This setting assures a
suiliciently large diameter D1 of the ground electrode 2 and
brings reliable durability of the spark plug P.

Namely, the undesirable expansion 1n size of the center
clectrode 1 or the ground electrode 2 should be avoided. The
ignitability should be maintained adequately. The durability
of the spark plug P should be improved. It 1s now assumed
that the diameter D2 of the center electrode 1 1s 2.0 mm.

Considering the above factors, 1t 1s desirable that the ratio
D1/D2 of the diameter D1 of the ground electrode 2 to the
diameter D2 of the center electrode 1 satisfies the condition
1.1=D1/D2=1.2.

Furthermore, when the thickness H of the ground elec-
trode base material 7 1s large, the ground electrode body Eg
can possess a suilicient strength.

However, 11 the thickness H of the ground electrode base
material 7 1s excessively large, the ground electrode body Eg
will be so large 1 size that the spark plug P cannot be
manufactured easily. Considering this drawback, it 1s desir-
able that the thickness H of the ground electrode base
material 7 1s equal to or less than 1.6 mm. This setting
enables the ground electrode body Eg to possess a sutlicient
strength.

Furthermore, when the intrusion length h of the ground
clectrode 2 1s small, the bonding strength between the
ground electrode 2 and the ground electrode base material 7
which are welded together 1s weak.

Furthermore, as described above, the ground electrode 2
and the ground electrode base material 7 are welded together
by 1rradiating the laser beam from the side surface of the
ground electrode base maternial 7. If the mtrusion length h of
the ground eclectrode 2 1s excessively small, 1t will be
dificult to perform the laser welding operation and accord-
ingly the spark plug P will not be easily manufactured.

Therefore, 1t 1s desirable that the intrusion length h of the
ground electrode 2 1s greater than 0.5 mm (more preferably,
greater than 06 mm). This setting assures a suflicient bond-
ing strength between the ground electrode 2 and the ground
clectrode base material 7. The spark plug P can be easily
manufactured.

In other words, to assure easiness in manufacturing the
spark plug P and improve the durability of the spark plug P,
it 1s desirable that the ratio h/H of the intrusion length h of
the ground electrode 2 to the thickness H of the ground
clectrode base material 7 satisfies a condition 0.3=h/H=0.5
under the condition that H=1.6 mm and h>0.5 mm. It 1s
further desirable to satisiy the condition h=20.6 mm.

For example, according to this embodiment, desirable
dimensions are given as follows.

The diameter D2 of the center electrode 1 1s 2.0 mm. The
diameter D1 of the ground electrode 2 1s 2.4 mm. The ratio

D1/D2 1s 1.2. The thickness H of the ground electrode base
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material 7 1s 1.6 mm. The intrusion length h of the ground
clectrode 2 1s 0.7 mm. The ratio h/H 15 0.43.

The mventors of this application have experimentally
evaluated the durability of the spark plug P having the center
clectrode body Ec and the ground electrode body Eg accord-
ing to the first embodiment.

The inventors have prepared various samples of the spark
plug P to be tested. Each sample of the spark plug P was
installed 1n an indirect lean burn gas engine that operates
according to the Miller cycle.

The mventors have evaluated the durability of the spark
plug P by measuring the required discharge voltage under
the condition that the gas engine 1s operating.

The upper limit value of the required discharge voltage
was set to 35 kV. When the required discharge voltage 1s less
than 35 kV, the spark plug P 1s judged as maintainming
appropriate performance and 1s accordingly still usable.
When the required discharge voltage exceeds 35 kV, the
spark plug P 1s judged as being unusable.

First, the inventors of this application have evaluated the
usable time of the spark plug P 1n relation to the ratio h/H
of the intrusion length h of the ground electrode 2 to the
thickness H of the ground electrode base material 7.

The mventors have prepared plural samples of the spark
plug P which have the same thickness H (H=1.6 mm) but are
differentiated in the ratio h/H (0.2=h/H=0.7). Each sample
of the spark plug P was 1nstalled 1n a gas engine as described
above to evaluate the durabaility.

FIG. 5 shows the result of conducted evaluation tests.

The spark plug equal to 0.2 1n the ratio h/H 1s insuflicient
in the strength to hold the ground electrode 2 with the
ground electrode base material 7. The ground electrode 2
peels ofl the ground electrode base material 7 after the
passage of approximately 100 hours operation time. Accord-
ing to the spark plug not smaller than 0.6 1n the ratio h/H, the
ground electrode base material 7 causes a warpage after the
passage ol approximately 100 hours operation time and as a
result the ground electrode 2 falls ofl the ground electrode
base material 7. According to the spark plug having the ratio
h/H 1n the range from 0.3 to 0.5, the required discharge
voltage can be suppressed to or less than 35 kV until the
operation time reaches 2500 hours. However, once the
operation time passes approximately 2500 hours, the
required discharge voltage exceeds 35 kV and accordingly
the spark plug 1s no longer usable.

From the above test results, the inventors conclude that
the ratio h/H of the intrusion length h of the ground electrode
2 to the thickness H of the ground electrode base material 7
should satisty the condition 0.3=h/H=0.5. This setting can
assure a suflicient strength for holding the ground electrode
2 with the ground electrode base material 7 and also can
prevent the ground electrode base material 7 from warping
even when 1t 1s subjected to high-temperature environments.
The durability of the ground electrode body Eg can be
improved. Accordingly, the spark plug can possess reliable
durabaility.

Next, the imnventors of this application have evaluated the
usable time of the spark plug P 1n relation to the ratio D1/D2
of the diameter D1 of the ground electrode 2 to the diameter
D2 of the center electrode 1.

The inventors have prepared plural samples of the spark
plug P which have the same diameter D2 (D2=2.0 mm) but
are differentiated in the ratio D1/D2 (0.9=D1/D2%=1.3).
Each sample of the spark plug P was installed 1n a gas engine
as described above to evaluate the durability.

FIG. 6 shows the result of conducted evaluation tests.
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According to the spark plug equal to 0.9 i the ratio
D1/D2, the required discharge voltage exceeds 35 kV after
the passage of approximately 1000 hours operation time.
According to the spark plug equal to 1.0 1n the ratio D1/D2,
the required discharge voltage can be suppressed to or less
than 35 kV until the operation time reaches 1500 hours.
However, once the operation time passes approximately
1500 hours, the required discharge voltage exceeds 35 kV
and accordingly the spark plug 1s no longer usable. Accord-
ing to the spark plug equal to 1.1 1 the ratio D1/D2, the
required discharge voltage can be suppressed to or less than
35 kV until the operation time reaches 2500 hours. However,
once the operation time passes approximately 2500 hours,
the required discharge voltage exceeds 35 kV and accord-

ingly the spark plug 1s no longer usable. The durability (1.e.
the usable time) of the spark plug remains unchanged even
if the ratio D1/D2 1s set to a value equal to or larger than 1.2.

From the above test results, the inventors conclude that
the ratio D1/D2 of the diameter D1 of the ground electrode
2 to the diameter D2 of the center electrode 1 should satisty
the condition D1/D2=1.1. This setting can assure a suili-
ciently large diameter for the ground electrode 2 and also
prevent the required discharge voltage from nitially becom-
ing a high value. It becomes possible to prevent the spark
discharge from occurring between the center electrode 1 and
the ground electrode base material 7. This eflectively pre-
vents the ground electrode base material 7 from wearing,
during the operation of the engine. Thus, 1t becomes possible
to prevent the required discharge voltage from increasing
even when the spark plug 1s used for a long time. The
durability of the spark plug can be improved.

Hereinafter, second to fourth embodiments of the present
invention will be explained. These embodiments are funda-
mentally 1dentical with the above-described first embodi-
ment except for the center electrode body Ec and the ground
clectrode body Eg. Therefore, the components or portions
identical with those disclosed 1n the first embodiment are
denoted by the same reference numerals and will not be
explained again.

Second Embodiment

Hereinafter, a second embodiment of the present inven-
tion will be explained with reference to the attached draw-
ngs.

In the second embodiment, like the first embodiment, the
ratio D1/D2 of the diameter D1 of the ground electrode 2 to
the diameter D2 of the center electrode 1 1s set to a value
satisiying the condition 1.1 =D1/D2 =1.2 when the diameter
D2 of the center electrode 1 1s 2.0 mm. Furthermore, the
ratio h/H of the itrusion length h of the ground electrode 2
to the thickness H of the ground electrode base material 7 1s
set to a value satisiying the condition 0.3=h/H=0.5 when
the thickness H 1s not greater than 1.6 mm (1.e. H=1.6 mm)
and the mtrusion length h 1s greater than 0.5 mm (1.e. h>0.5
mm).

In addition to the above settings, the second embodiment
1s characterized in that, as shown 1n FIGS. 7 and 8, a groove
1A 1s formed on a top surface 1 a of the center electrode 1
opposing to the ground electrode 2.

The groove 1A, which 1s a cross-shaped groove, has
straight grooves crossing each other at the center of the top
surface 1a of the center electrode 1 and entirely extending
across the cylindrical center electrode 1 and reaching the
peripheral end the cylindrical center electrode 1.
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According to the second embodiment, like the first
embodiment, the durability of the spark plug P can be
improved.

The spark discharge occurs from any angled or edged
portion formed along the groove 1A as well as the angled or
edged portion 1n the periphery of the top surface la of the
center electrode 1. Accordingly, the spark discharge occurs
at numerous portions. This 1s effective in improving the
ignitability of the spark plug.

Third Embodiment

Heremaftter, a third embodiment of the present invention
will be explained with reference to FIG. 9.

In the third embodiment, like the first embodiment, the
ratio h/H of the intrusion length h of the ground electrode 2
to the thickness H of the ground electrode base material 7 1s
set to a value satistying the condition 0.3=h/H=0.5 when
the thickness H 1s not greater than 1.6 mm (1.e. H=1.6 mm)
and the trusion length h 1s greater than 0.5 mm (1.e. h>0.5
mm). Meanwhile, the third embodiment 1s different from the
first embodiment 1n that the ratio D1/D2 of the diameter D1
of the ground electrode 2 to the diameter D2 of the center
clectrode 1 satisfies the condition D1/D2<1.1.

As explained 1n the first embodiment, when the ratio
D1/D2 of the diameter D1 of the ground electrode 2 to the
diameter D2 of the center electrode 1 1s smaller than 1.1, the
durability of the spark plug goes worse. Therefore, 1t 1s

desirable that the ratio D1/D2 1s a value adjacentto 1.1 (e.g.
1.05).

For example, according to this embodiment, desirable
dimensions are given as follows.

The diameter D2 of the center electrode 1 1s 2.0 mm. The
diameter D1 of the ground electrode 2 1s 2.1 mm. The ratio
D1/D2 1s 1.03. The thickness H of the ground electrode base

material 7 1s 1.6 mm. The intrusion length h of the ground
clectrode 2 1s 0.7 mm. The ratio h/H 1s 0.43.

As apparent from the foregoing description, the spark
plug of the third embodiment satisfies the condition 0.3 =h/
H=0.5 1n the ratio h/H of the intrusion length h of the
ground electrode 2 to the thickness H of the ground electrode
base material 7 when the thickness H 1s not greater than 1.6
mm (1.e. H=1.6 mm) and the intrusion length h 1s greater
than 0.5 mm (1.e. h>0.5 mm). Accordingly, as explained in
the first embodiment, the durability of the spark plug can be
improved.

Fourth Embodiment

Hereinaftter, a fourth embodiment of the present invention
will be explained with reference to FIG. 10.

In the fourth embodiment, like the first embodiment, the
ratio D1/D2 of the diameter D1 of the ground electrode 2 to
the diameter D2 of the center electrode 1 1s set to a value
satistying the condition 1.1=D1/D2= 1.2 when the diameter
D2 of the center electrode 1 1s 2.0 mm. However, the fourth
embodiment 1s different from the first embodiment in that
the ratio h/H of the intrusion length h of the ground electrode
2 to the thickness H of the ground electrode base material 7
1s set to a value satistying the condition h/H>0.5.

As explained 1n the first embodiment, when the ratio h/H
of the intrusion length h of the ground electrode 2 to the
thickness H of the ground electrode base material 7 1s greater
than 0.5, the durability of the spark plug goes worse.
Therefore, it 1s desirable that the ratio h/H 1s a value adjacent

to 0.5 (e.g. 0.53).
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For example, according to this embodiment, desirable
dimensions are given as follows.

The diameter D2 of the center electrode 1 1s 2.0 mm. The
diameter D1 of the ground electrode 2 1s 2.4 mm. The ratio
D1/D2 1s 1.2. The thickness H of the ground electrode base

material 7 1s 1.6 mm. The intrusion length h of the ground
clectrode 2 1s 0.88 mm. The ratio h/H 1s 0.53.

As apparent from the foregoing description, the spark

plug of the fourth embodiment satisfies the condition
1.1=D1/D2=1.2 1n the ratio D1/D2 of the diameter D1 of

the ground electrode 2 to the diameter D2 of the center
clectrode 1 when the diameter D2 of the center electrode 1
1s 2.0 mm. Accordingly, as explained 1n the first embodi-
ment, the durability of the spark plug can be improved.

Other Embodiments

The present invention can be modified 1n various ways.

(I) The matenal for the ground electrode 2 or the center
clectrode 1 1s an alloy contaiming Ir as a main component.
The composition of this alloy 1s not limited to the one
disclosed 1n the above embodiments. For example, it 1s
possible to use an alloy containing Rh as an additive when
this alloy chiefly contains Ir.

Furthermore, 1t 1s possible to use an alloy containing Ir as
a main component and at least one additive selected from the
group consisting of Rh, Pt (platinum), N1 (nickel), Pd
(palladium), W (tungsten), Ru (ruthenium), and Os (os-
mium).

In this case, under the condition that Ir has a largest
content, 1t 1s desirable that Rh and Pt have a content equal
to or less than 50%, N1 and Pd have a content equal to or less
than 40%, W and Ru have a content equal to or less than
30%, and Os has a content equal to or less than 20%. The
durability of the ground electrode 2 or the center electrode
1 can be improved.

Furthermore, instead of forming the ground electrode 2 or
the center electrode 1 by using the material containing Ir as
a main component, 1t 1s possible to use an alloy containing
Pt as a main component. For example, when an alloy
containing Pt as a main component can further contain at
least one additive selected from the group consisting of Ir,
Rh, N1, Pd, W, Ru, and Os. In this case, under the condition
that Pt has a largest content, 1t 1s desirable that Ir and Rh
have a content equal to or less than 50%, N1 and Pd have a
content equal to or less than 40%, W and Ru have a content
equal to or less than 30%, and Os has a content equal to or
less than 20%. The durability of the ground electrode 2 or
the center electrode 1 can be improved.

(II) In welding the ground electrode 2 to the ground
clectrode base material 7, 1t 1s not always necessary to
irradiate the laser beam to plural portions on the side surface
of the ground electrode base material 7. For example, 1t 1s
possible to irradiate the laser beam to plural portions on a
back surface of the ground electrode base material 7 oppo-
site to the inner surface 7a opposing to the center electrode
body Ec. In this case, the fused portion 8 formed by the laser
welding extends vertically (1.e. i the axial direction of the
spark plug) from the ground electrode base material 7 to the
ground electrode 2.

Furthermore, 1t 1s possible to combine the laser welding
operation applied from the side surface of the ground
clectrode base material 7 to form the laterally extending
tused portions 8 with the laser welding operation applied
from the back surface of the ground electrode base material
7 to form the vertically extending fused portions 8.
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(III) In manufacturing the ground electrode 2 with the
ground electrode base material 7, the welding operation 1s
not limited to the laser welding operation. For example, 1t 1s
possible to use the resistance welding operation or the
plasma welding operation.

(IV) The diameter D2 of the center electrode 1 1s not
limited to a value equal to or less than 2.0 mm. Therefore,
it 15 possible to set the diameter D2 to be greater than 2.0
mm.

Furthermore, the thickness H of the ground electrode base
material 7 1s not limited to a value equal to or less than 1.6
mm. Therefore, 1t 1s possible to set the thickness H to be
greater than 1.6 mm.

(V) In the second embodiment, the groove 1A 1s formed
on the top surface la of the center electrode 1 opposing to the
ground electrode 2. In this case, the groove 1A 1s not limited
to the shape disclosed in the second embodiment. For
example, 1t 1s possible to form two or more parallel grooves
or a Y-shaped groove. It 1s also possible to form the groove
1A having an edge not reaching the periphery of the cylin-
drical center electrode 1. Furthermore, the groove 1A can be
configured into a circular or rectangular shape.

(VI) In the third or fourth embodiment, like the second
embodiment, 1t 1s desirable to form the groove 1A on the top
surface 1a of the center electrode 1 opposing to the ground
clectrode 2.

(VII) In the fourth embodiment, instead of setting the ratio
h/H of the intrusion length h of the ground electrode 2 to the
thickness H of the ground electrode base material 7 to a
value satisiying the condition h/H>0.3, 1t 1s possible to set
the ratio h/H so as to satisty the condition h/H<0.3. In this
case, as explained in the first embodiment, the durability of
the spark plug goes worse when the h/H 1s less than 0.3.
Theretore, it 1s desirable that the ratio h/H 1s a value adjacent
to 0.3 (e.g. 0.23).

(VIII) The spark plug of this invention 1s not limited to the
Miller cycle engine and accordingly can be applied to any
other indirect lean burn gas engines. For example, an
ordinary engine not employing the Miller cycle may close
the mtake valve 16 when the piston 12 almost reaches the
bottom dead center. Moreover, 1t 1s possible to use a gas
engine not equipped with a sub combustion chamber or a gas
engine using a gas mixture adjacent to 1 1n the excess air
ratio A.

What 1s claimed 1s:

1. A spark plug for a gas engine comprising a ground
clectrode body and a center electrode body, wherein

a ground eclectrode of said ground electrode body 1s

welded on a surface of a ground electrode base material
opposing to said center electrode body;

said ground electrode of said ground electrode body

protrudes toward said center electrode body;

said ground electrode 1s made of a material containing

iridium or platinum as a main component;

said ground electrode base material 1s made of a heat-

resistant nickel alloy;

said ground electrode 1s impacted 1n a recess of said

ground electrode base material; and

said spark plug satisfies the condition 0.3 =h/H=0.5 when

H represents a thickness of said ground electrode base
material 1 an intrusion direction of said ground elec-
trode, and h represents an intrusion length of said
ground electrode that defines a length of said ground
clectrode 1impacted 1n said ground electrode base mate-
rial in said intrusion direction.

2. The spark plug for a gas engine 1 accordance with
claim 1, further satistying a condition h>0.5 mm.
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3. The spark plug for a gas engine in accordance with
claim 1, wherein said ground electrode 1s bonded to said
ground electrode base material by laser welding.

4. The spark plug for a gas engine in accordance with
claam 1, wherein said ground electrode i1s joined to said
ground electrode base material through at least one fused
portion 1n which materials of said ground electrode and said
ground electrode base material are melted together.

5. The spark plug for a gas engine 1n accordance with
claam 1, wherein said fused portion 1s formed by laser
welding.

6. The spark plug for a gas engine 1n accordance with
claim 4, wherein said at least one fused portion extends 1n
a direction generally perpendicular to said intrusion direc-
tion of said ground electrode.

7. The spark plug for a gas engine in accordance with
claim 1, wherein said ground electrode has a substantially
constant outer diameter.

8. The spark plug for a gas engine 1n accordance with
claam 7, wherein said fused portion 1s formed by laser
welding.

9. The spark plug for a gas engine 1n accordance with
claim 7, wherein said at least one fused portion extends 1n
a direction generally perpendicular to said intrusion direc-
tion of said ground electrode.

10. A spark plug for a gas engine comprising a ground
clectrode body and a center electrode body, wherein

a ground electrode of said ground electrode body and a

center electrode of said center electrode body are made
of a material containing iridium or platinum as a main
component;

said ground electrode protrudes toward said center elec-
trode body;
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said ground electrode base material 1s made of a heat-
resistant nickel alloy;

said ground electrode 1s 1mpacted in a recess of said
ground electrode base material; and

said spark plug satisfies the conditions D1/D2=1.1 and
0.3=h/HZ=0.5 when D1 represents a diameter of said
ground electrode, D2 represents a diameter of said
center electrode, H represents a thickness of said
ground electrode base material 1n an 1intrusion direction
of said ground electrode, and h represents an intrusion
length of said ground electrode that defines a length of
said ground electrode 1impacted 1n said ground elec-
trode base material in said intrusion direction.

11. The spark plug for a gas engine in accordance with
claim 10, further satisitying a condition h>0.5 mm.

12. The spark plug for a gas engine 1n accordance with
claim 10, wherein said ground electrode 1s bonded to said
ground electrode base material by laser welding.

13. The spark plug for a gas engine 1n accordance with
claim 10, wherein said center electrode has a surface oppos-
ing to said ground electrode, and a groove 1s formed on said
surtface of said center electrode.

14. The spark plug for a gas engine 1n accordance with
claim 10, wherein said ground electrode 1s joined to said
ground electrode base material through at least one fused
portion 1n which materials of said ground electrode and said
ground electrode base matenial are melted together.

15. The spark plug for a gas engine in accordance with
claim 10, wherein said ground electrode has a substantially
constant outer diameter.



	Front Page
	Drawings
	Specification
	Claims

